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Abstract

‘1’IIc ccIIkr o f  lllass  o f  tlIe lhrll I, alw\It  ivllicll  a

satellite orl)its,  is dctertllillcd I)y tllc  II IaSS  distritlutioli
of tile solid l;ar(ll (itlcludillg  tllc J’; artl I’s i]ltcrior)l  tlIc
oct,atls, aIIcl tlIc  atlltos}]l[rrc.  ‘I’l Ic trackitlg silts, llolv-
~>v<>l arc  a l l  locti~d 011 tllc litllosl)ll(’rc  otIly,  and s o
tlIc  Ilctwork  origitt  will Itot geIIc=rally  coi]lcidc  }villl  tllr

ccl)ter  of n]ass. Cllallgcs  it] tlic v e c t o r  offset l)ctJvc(tI
ttlesc tww p o i n t s ,  referred  to :IS al)l~ar[]jt  gcocctltrr

]notioll,  arc duc to glol)al  scale Inovclllclit o f  II IWS.
III t h i s  study NY IIavc  cxtclIdd  tllc al)j)roacll  usc(l l~y
sl)acc geodetic  tcchlliqurs for dctcrlnillatiotl  of tidally
CO II CICII( IIcarly (liurtlal  and sclllidiurll:ll  varialio]ls  ill
tlIc  l’hrtll’s oriclltatioll  to ilicludc gmcclltrr variations
dII( 1( I occal I tides.  \frr drltlolls(ralc tlIr tvcakcr ol)-
scrval)i]ity of ]Icarly diurnal  rdmgradc  tiiotiot)s  ill .r
and !/, aIId  lIcIIce  tllr ut i l i ty  of  their srl)aratioll  frol  II
tlIc oltlcr equatorial teIIIIs. \Yc  fit Id statistically sig-
Ilificarlt  tcrl  IIs at tlIc 99.5% l e v e l  due to ()], I’1, 1{1,
and llf~,  ‘1’IIc  solutions, ~vlliclt illdicatc  gcocrII(cr  ltlo-
tiotls  at tilt fc)v IIlillilllrtcr  l e v e l  }~cr t ide,  Collll)arc

tvcll Jvitll IJrdictcd values  froln  tllwrc(  ical occal I t i(lc
II Iodcls  aIId  frolll ‘J’[)1’l’;X/t’c)st~i(loll  Iaclar  altittlrtry

‘111(’  Iocat ion Of lIIC Cclltcl  of lllilSS  of tll(  collll)itlccl
soli(l };iirtll-ocmll-at Itlml)ltcrc systrlll wlat ivc to t lie
(IIC Iilllosl,ll(’rc-l,asccl, trackitlg-sit(’-(l(fillrtl  l)olylle-
dK)II,  gcIIcrally rcfcrrcd  to M tflc  grocc IIter,  II IIdcrgocs
variatic)lls  for muclI  tllc sattlc rcasolls  as variatiotls  ill

p o l a r  II)otio}l, u]liversal  til~lc,  and otllcr gcolmtcntial
tcrtns.  ‘1’llr causes of tlirsc  vdriatiolls arc II IaSS rdis-
tril)lltiotl }vitllill  a n d  l)ctwcctl  tlIc  litllosl~llrre,  llydlc)-
sl)llcrc,  cryosl)llerc,  and atllml)llcre.

Notr that }vl Icl I we sJ)cali of variations ill tlIc .gcc}-
crtltci  I)ositioll, it is ill fact tflc  relative Illotioll  of tllc

ceIIlft of IIl:lss of t IIC wlI(Jlr  lhIItl  I Ivitll rcsl)cct  to tlIr
tcac!iitig  11(’t~vc)rk that is 111 CilSlll  C(l , aIId  ill tllc  a}ml~cc

Of CXt  (’rllill  fol’CC~, tllc cclltcr  of II I:iss calltlot  ill f a c t

acccl(’rate ill itlcrt  ial sl)acc. ‘1’IIIIs, itl reality it is tlIc
IIlotioll” of  tllc soli<l  }’;artlI)  otI Jvllicll tlIc tracliillg  llc-

}vork is locatr(l,  tlliit lS II IO II I1O M YI ~vltll tile tcclltl[ques
dcscril)(d  ill this study.

l{m-rllt  }vc,rli  using \’l Jill l~y Jlc7r171q  aIId  l)o?Ig
[1!)94] al,d  Sc,l,rs  ci ,(I [1$)9:1]  alId  satellite laser rallg-

itlg (Slfl{)  I)y }1’olli]t+  clnd l;oltc.s [1!){)4]  IIavc  clearly
cl(’tllollstr<(tf’~1  tllc (flkcts of (Iiuttlal  a n d  srllli(li(lrllill
ti(lr> 011 l)olar  ]Ilotioll  all(l  utlivcrsal  titllc. ‘I’l Ic olm’r-
vatiolls of tllc  rotat  iollal  rwl)ollsc  of tlIc  l;artll to tllcsc

g,lol)al  ~xcitatiolls  I)roki(l(s a IIs(ful collstrait[t  OII iidr
IIlo(l(’ls.  ‘1’11(’ g,(ocrlllrl, Ilow’cvtr)  is scllsitiv,  to tllcw
sattlc variatiotlsl aIId  tlll[s  IJrovi(lm  additiolla[  itlfol-

IIlatioli d i s t i n c t  frolll that of tlIc l;ar(lI orirtltatioll

variations. III this I)alwr, W’C CX(CII(I  tlic forinulatio]l
o f  tl’olk~IIs  aIId  1,’on(s [1994]  1(0 cstitllatc  IIcarly diur-
IIal  aII(l  nearly  sclllidiurilal  vaciatiolls  ill tllc gcc)cetltrr
dIIC to several sigtlificallt  occat I ti(lcs.  ‘1’llc  results arc
CC)III[)arfI(l  to tlIt  signal  l)rcclict(~d Ijv tlIc  ocrall t i d e

lIlodcl  of ,$’c///df7skiki  [1080]” I)ased  ul)oll  tidr g a u g e
tIIcasllrrt  IIcl Its atl(l of tlic  (~Sl{3.  () occati t ide lIIO(ICI
o f  lhIIrs  [l,rrso,,al cc,l[lIllllJiicalicJll, 1995] ])asl’d 11[)011

‘J’C)l’l}X/l’c)s(i(lc)ri  ra(lar al(iiltetcr d a t a .  l;iltallj) }vc

coIIIl)arc to tllc l)rcdictiotls  frolli tllc  II Iod(’1 of lJ70sc/If
(/7/(/ 11’{/ 7/s(// [1$)!  ):1] 1):1.sI~(l  il}til{ly 011 tl](wr(~tical  occall
dyllalllics.

Method

\\rc’  dcvclo])  tllc cxl)ressiolls for tllc variatiol)s  itl
tlIr gcor-(IItrr  follolvi]lg’  closrly  that for I;artll orictlta-

tiotl  ill 11’olkins  c{nd I;C{II(S  [1[)$)4]. ‘1’llis itlvolves  tlIc
cotlstructioll  of tllc CO II 1})1 CX (Iualltity (I, drfillillg tllc
gcwcctlter vnria(iol)s  ill tll~’ J aII(l  {/ coc)rdillalcsj  all(l
allo}villg  for I)otll l,rogra(lr  aIIIl r(trogradc  tcrl]ls,  d(-

fiIIcd  as SIICII I)y tllc ti(lal arglltllcl)( as ol)l)osrd  to tlIc
rota(ioll  of tllr llartll. ‘I’l Ir (Icfillitiotl  for vauialiolls  ill

2 is silll  ililt’, I)llt  siltll)lcr, l)ccal Isc rt’troguadc  arl(l lJrc)-
gra(lc  variatiol]s arc tlot al)l)lica})lc. ‘J$IIIIS l~cgitlllitl~
Iritll 2 afId g:

Jvllcrt  OS is tllc il)statl(atlrolls  lJIIasc of tllc  })arliclllar
tidr i)) quest  io)l, atld !Js+ all(l  !lS– arc Colll])lex  ])1’C)-
gra(le  aIId  retrograde sut)(lillrtlal gcocctlt(~r  ][lotiolls

Ino(lulated  I)y tlIr ti(lal  frcqurllcy.  A s  al)ovc,  ~vc dc-
fiIIr tile rcii] aIId  ittlagillary  l)arts  o f  !/”+ atld {Is- ill
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((’1111s or tll(’ usual  $’ ~ and ?/q colll]lollrllts  a+:

H —
{/ – J’;’ +- ~Y;i

N’11(’l’(’ J’;+ , .7’; - ~i, ?/Q , and y;- alc tltr JCal  val’; al)lcs

t o  I,($ f’~lillliit C(l  u~itlg (lie  si,l{ (lilt?l. Silllililrly, IIigll
frrclllc)jcy  variatiot)s  ill lIIC z-coIIIJ)otIrIIl  ar( tllodcl(d
as: ~

s=]

u’11(~1(’  :’””~ and 2;$ acc t 11[’ Ix’al I)alalllrtrc.s to l)r  (’,s -

liltlatrtl.  l~or Cacll o f  tllc’ J, :/, all(l  2 Colll])oll(’tits,
llIc  itldrx s varird o v e r  5 sigtlifican(  Il(wrly diucllal
ocriii)  tidr fquellcirs  J(1 ,,$1, }’l, ol, and Q~,  alld4
sigllifica]](  Ilcarly sc)llidiurtlal  ti(lrs 1}’2, ,S’2, Alz,  aIId

hp. ‘1’IICSC  arc tllc largest  occa)l ( i d e s  a s  lIIcasurtd

I)y cquilil)riulo  arnl)litudc,  and IIavc  IKX’11 slIowlI  t o
cotltaiil  tIIc Illajority o f  ])o\vt’r ill sul)diur[ial 121r(l  I
orictltatioll  var iat ions.  }Yc lIotc  that tllr .$’1  tidr lIas
a stI Ian ocratt  tide atttl)li(udc,  l)ut a lmtc]tt ially ]arg,  r

atlllosl)lleric co In])o]Ie II(, atlcl  lIct Ice ~vr Iiavc  cl IosrII  to
iIIcludr  it.

Observability

‘J’l Ic illscl)aral)ility  of rclrogra(lc IIra Ily diurtlal  I)()-
lar  IIlolioll frolti  Ilu(atiott  ( o r  I)rrcessiotl  it] tltc  cwc
o f  mm fmlurllcy)  has IN(II well docut IIrIIlrd ill tllr
disrmsioll o f  \Jl,lll olwrvatiotls  of sul~daily  vari:b
tiolls  ill l’;artll  oriclltatioll. S e v e r a l  Irfcrctlccs  Ilavc
a l s o  dclnotlstratd  tllr illsrl)aral)ili(y o f  l)rtccssioll
and IIutation  froln tl)c  orictltatioll  of  a  sate l l i te  or-
b i t  it) irlrrtial slIace [J,a?JIbfck,  1 9 7 1 ] .  }Icllce  it f(,l-
Iolvs that  TIcarly diurnal  rctrogradr  l)olar tnotioll  vari-
atiot]s  arr itlsel)ara})lc  froth  orl)ital  Varinliolls,  alId

ltmIcc IValiins and A’ants [1 994] I)rovidd  ]]0 solu(io]l
f o r  tl,wc terllls. llcrc Ivc ])ursuo a silnilar  al)l,roacl  I
t o  itlvrstigatc  tllc olmrval)ility  oftllc  sul)dillrllal  gL’o-
cctjtcr  v a r i a t i o n s ,  Consider  tllc gcoccllkr  variatiotls
in tllc illcrtial franle:

\YIIvrc G’ =  .Yq + }’~ i s  tll(~ grocctltct  IIlotiotl  ill tllc
itlcrt  ial fraltlc, fl = J“g  -t , .itjq is tllc  gcocclltcr  IIl(J-
tioll ill tile I)ocly fixd fralllc,  and () i s  s i d e r e a l  tilllr.
‘1’lICII  sul)stitutitlgj  tllc cxl)rcssiolis  fcotll al)ovc  for ?Jtg
in trrttls  of })rograclc and rrt  rogradr tcrllls atld KIcc)g-

nizitlg  that:
0, = 0,, * + ?)/,0

\!’1l (’1(’ ?)/., i s  (), 1 ,  or 2, f o r  long I]rcio(l,  diiictlal, or
s(,rtti(liurttal  titlw, I(wl,fct  ifclj. :111(1  0,, ” is  t  IIr t i(lill
arglllllcllt  Ivitllollt  tllt~ si(lctx, al littlr trttlli  yirl(ls:

.. . I

‘1’llrc(’fotc  for 7)/, = 1, tllc srcoIId  tcrtll Ivill  I)c Ioll,g

I)crio(l  ill tllc it)(ctial  fralllr. ‘1’llis is tllo  diuctlal  rctrc~-

~1’il(l( t(’1111, 1  I ill)OV(, il is l)ossil)l~’ forall(l  ah (Iwrci )(Y
])[)liil IIlotioll  to (Jxl,rtss (Ilis t(llll a s  a  Iillrar cotill)i-

IIi{lioll of ocl)it Cl(’lll(llts,  :Illcl Ilrllcc is LIllc)l)st’1.villllt’.

}~or g(wxtttcr, lllis trrlli (low JIot Mrlii 1 0  l~r truly
[ll,{Jl)strv<Il)l(,  1)1,1  ii is co],sicl,ral,ly }vfakfr,  as l,,,+

suml I)y tllc covariatlcr  of tllc  a(ljustc(l  valurs,  CY(II  ill
silll(llatioll, ‘J’11(~ cotlcl[lsiotl  is  that  }vllilr OIIC c;itltlot

cxl,  rws tllc gcocctltcr  vari?ttiolls  e x a c t l y  ill tertlls  o f
orl)it  rlctllclltsl  tlie orl)it  call I)artially accollll[lodatr
suc]i var iat ions)  atld tllr solution  is Jvcakcllrd  I)y tllc
cclrc(lat  ion,

Solution

IA Solllt loll”  ll’a S 1)( ’l” fOllll  (’(1  ilS  ( rscril)r<l  al)[)v(~ lls -
itlg llcarly 18 years of I,agcos d:lta  S})atltlitlg  tllr }Jrriod
hlay 1976 to IJ(’l)rualy  199:). Ovt’1 7 0 [ ) ) . 0 0 ”  tlllrc or
t\vo Itlitllltc  ]Iortllal l)oillls fwlll ovrr 110 track  illgsi(tx
fortlird  this data set. ‘1’llc  fllc)dcls used ill tllc  d a t a

attalysis  adtwrd  gcltcrally to tl]e  latmt  11;1/S COIJYCII  -
tiolls  [AfcC~J?(hy,  1996],  witl[ scv(ral  Ilotal)]r  cxcclJ-
tiotls.  ‘1’IIc  cl IaTIgrs  irl tllc grol)otrllt  ia] d[le t o  occatl

tidrs Jvcrc IIiodclld  Iisillg  all ctlllaliccd  ]IIodel  }vllicll
illcllldrd  till tcrtlw, CIIOSVII frotn  a  dcgrcc and order
20 sl~llcrical  llartllot)ic  cxl)atlsiot),  ;vitll  l)rdictccl l)cr-
turl)alio[ls  that excwdd  1 II}tII  ill tllc radial, ]Iorltlal,
or tra[lsvtm  coltlI)oilcitts  c]f tlir ort)i(.  ‘J’ltc Ilolttittal
co(,[licirtlts  }vcre dcrivc(l  fuolil ,$’c/I u)id[  Tski  [1 !)s()],  as-
sull)itlg  lil)(.iil’ adl]]ittallccs,  ivitll  a slll~sct Oftcrllls  ad-

jlls(rd frot]l  a Illultisatellitc solut ion,  ‘1’llc  solid t ide

I)]odrl IVM exl)alldcd  t o  itlcllldc geopc)tetltia]  varia-
tions  due to third dcg, rec terttls  assutllillg  tllc  l,ovc
Illlllllm, ks, of  0.093 [ 11’ah?’,  1981].  ‘J’llc  flee  Cc)l’c  1111-
tatiotl  I)eriod  }Yas 430  days,  ‘J Ilc refrrctlce  fralllc  w a s
fixr(l to (11(’  (;s1/9:)1/01  Sj%t[’111  of l;flnrs and i\ ’o/ki?/s
[19!)L] dcterlllillrd fro),)  al,alyms of tl)c c,lt ire l,agros-
1 and -2 IIlissio[ls.  S i te- ( l ( l ]c i l ( lc l l t  IIllisallcc  l)araInP
trrs  sllcl I as rall~c  01 clock I)iasvs lvrrc  a(l.illstrd  ivllrrr
llrc(%sal’y.

III tllc  rstitilatiotl l)rocrhs, II Ira II orl)ital  clrltlctlts

(cxcluditlg tllc Ilodal Iol,gitude),  ~1,, y,,, and lJ’I’1 \verc
a(lj(lstd  cv(ry  3 days,  along  a l~itll sillglc  acljusttnf.-llt



Of(ll(’ J’ and ~/ 1)1’ogl’a[lc al[[l Ic(l’ogf’a(l(’  g(w’(vlt(’r  vari -

aliol)s and 2 gcocctltcr  variatiorls for tlIc Ilitlc  Lid(s

d(wccil)c(l (’iil’li[’~. l’;ar(l  I c)ricllta(ioll  Yaria(io]ls  di]e
(0 tlIw sattlc tides  \verc a lso a(ljust(d. III a d d i t i o n

tllrw  dillrtlal  t i d e s  al)d tllrcc sclllidiurtlal  tidw lvitll

vallisllitlgly  slllall I)rdictd  geocctttcr  sigltat  ur<’ du(’
(0 tllcir  sttlall  alill)litudc ~vcre  acljllstcd  for use as col I-
trols  ill error  analyses. ‘1’llcsc  tidw Ilad l)oodso}l  tl(ItII-
lJCIS 16(; .W4,  173.(j55,  153.6L5,  277.555, 2(X1.(jF)!J,  all(l

22.5. ti5b. \l’itli tllc al)ovc  IIiodcllit]g  and l~ar/i)llciriza-
tiotl, t}lf Iv(’i,gl[td  ~]ost fit rar Igc rfwidlla]  riJIs ov~r tlII

Cllticc d a t a  sl)all  Ivas 23 Il)illitmters, Jvitll f i ts  ill (Ilr
later years generally aroutid  15 II)illiill(ters.

}lfxultjs

‘[’II( rfsults  for tile geocclltcr  variai ions a l  earl)

t i d a l  frcqucl)cy  acc l)rcwlltcd  ill ‘1’al)lc 1, alol Ig ~vitll
tlleii res})cctivc  Illlccrtailltics. ‘1’11(s0 Illlccrtailllics
tvcrc d e r i v e d  t)y scaling  tllc data Jv(igllt  assigllcd to
t}ic laser raligm so tllal tllf.- ullcertailltics  for a(ljllst(d
~,ardlncters  for Ivllicll  cxtt\rl  Ial calil)ratiolls  arc avail-
al)l(, SIICII as site l)ositiolls  and vclocitiw  atld s[lljdaily
var iat ions ill II; artll  orictltationj  arc ZICCill’iit (’. ‘J’llcl’(’-

forc tllc utlccrtailltics ill ‘J’al)lc 1 should  I)c collsidcr(d

1’”1?I.s I’Casollal)]c I) CLS1 Cs(llllat(’,s lath cl’ tll  all fol’llla  \d -
Ucs.

Nott  tile  larger ullccrtdilltics associated Ivitll (tic

retrograde  diurtla] gcocclltcr  variatiotlsl  du(’ t o  lIIC
d i f f i c u l t y  ill scl)aratillg lotlg  l)eric)cl  orllit error fmtll
tlIwc I’ariatio]ls w discus(d  carlirr. ‘1’1)[’ Olwlv(  ’(1
Val’iiitiolls  for tllf.’sr l t ’ r i l ls ,  (10 not ,  IIoivcv(l’,  al~l)(’:11’
ullrcasollal)ly large. ‘J’llc variatiolis  ill tllc  L mt[lI~o-
IIcllt  acc otlly  s l i g h t l y  ]llorc  l)OC)CIY  d(tcrlllitlc(l tll:kll
their selilidiurllal  and I)rog;radr  dillrtlal  rqllatorial
coutiterI)arts,  dur II]ost likely to gcoll]{tric  (listrillll-
tio]l  o f  tllc tracliilig  llctlvork  rcsultitl,g  ill fcivcr Iligll
]atitud(  sites.

A  coltl))ariso]l  of tllc ol~s(’rvd  gcoc(llter Vill’iat  io)ls
(1,- 1) Ivitll tllcw ),rcdictcd  I)y tllc ocealI  tide ll)o(lcls  of
,$’c// uf/(/(?.sk/ [1 980]  (Sch),  111(/scl/[  li?/(/  il’u?/$(’//  [1  993]

(lI\\r),  and Jvitll  tlic occall  tide l,,odcl  CSI{3.()  ( ’1 ’ /1))

rccetltly  comI)ukd froln  ‘l’O1’l;X/l]c]s(i(lotl”  altililrtrr
is J)rovidccl as ‘J’al)le 2. ltl  this tal)lc, tll( V:illlrs  frc)lll

‘1’al)l( 1, as IvcII as (I)e  coll)i)utd  l)r(dictiolls  frotl)  tllc
CJC(’all  t id(’  1110{  1(7]S  ]la W tKY’11 COll  VCI’~(’(]  tO a COll  Skt CJJl

systetll  to allow easy cotnl)arisotl. l’itl ally, JVC IIote
tllill  tll(’ ll\f’ lc’sllltS  1! ’( ’1 ’(’  CXI)I’C’W(’(1  itl tll(’ir  IJ:I1)CI

lvitll  (IIC o})l)ositc  sign cotlvetltiotl  t o  t.llc r(’sulls  ill
‘J’al)lc 1 ,  atld tllcir collvclltioll ]Ias lwctl  adoI,tcd  f o r

‘J’al)lc 2. ‘Jltc  cottvcrsimls  frol)l  ‘J’ablr 1 arc LXI)NMMI

1)(’IOIV.
~+ -!/ — --,4.$+ (!(4’+-  ls)

\vl Icrc tll(  A ’ s  ar( tllc  attlljlitllclrs  atl(l tllc <)’s tile
l)llas(v+ givtli ill ‘J’al)lc 2 f o r  tllr al)l)rol)riatc  tcrtlls,

a n d  \“ = + {)0 (1(’glcw for )(1 ,  -90 foc 01 ,1’1, atl(l
Qj , afl(l () (Icgrws  for all stlttitlillctlal  tidw.

‘1’fl(, agllmllcllt 1)( ’t\v(’(’ll  tllf’ 17;lg(’(M  Ot,S(’l  Vilti(JllS

all(l  tllr Occall  tl(l(’  ]ll(’dlct  lollsi IJactic(llarly  tllo>(

frol,l t 1,( ( S1{11.()  ‘J’ol)l;X/l)c)>(i(lc)ll  ]llodcl  is gClIC-
ally good. ‘1’IIc  agrceltlctlt  is  a  Iiltlc lvors(  f o r  tl)c

r(tm~cade  dilicllal t(rtlls. f’i[lally, tllc SclltYidcrski
I)rf(]ictioll  for AII is  c lear ly  al I outlicc  Ivitl[ r(wl)ect

t o  tllc  otll(r  ti(l(  II Io(lcls atl(l tlIc  l,agcw olwrvatiolls.

lI;rror  Analysis

SIK)IIg  cvi(lrtlcc ill sul)l)ort  of lIIL  al)ovc  ullccrtaill-
t i c s  i s  tll( stlldll  size of tll( wtilllatcs for llIe m)lltrol
tid(,s. ‘1’IIMc ti(lcs  sl]olll(l  })mdl]cc  grocrlltcr  vari:t-
tiolls  ~vitll allll)litu~les  of Icss tllall ().5 lrlln  ill all colll-

IJollcllts.  lly assu[tlitig  that  a l l  o f  tile olwrvd gw-
crlltcr Viii’iatio]ls at llI(W frcquvllcicx  :11’c duc tO Other
errors, }VC C:IJI ol)taitl al) mtirl late  of tllcir  sire. JVllile
tllc IIllccrlait[tics  Ivcrc cotIllJatalJlr  t o  tllosr ol~taillcd
for 111( tidal fr((]ll(ilci(w  I) I(WII1(K1  ill ‘J’:il)lc 1, tlIe  rIIIS

o f  tttc a(l.illstf’(1 tcrtms i)) tllc  ./ atld y collll)ollf’llts  }Sas
( ) .3  Illtll for tile l)rog,ra(le dillutlal  variatiot[s,  ()..5 11111)
for tlIt wtrogradc  diur]l:tl  variations, tJ.2 111111  for tltc
})rc)~ua(lc  scllli(lillr]liil  variations, :111(I  ( ) .2  111111  for re-

]ogratlc  scttlidillrllal  Variations. ‘1’IICSC  rcs~llts give a
~oc)(l  i[t(licatiotl  o f  tl]r fxlative  accl]racy  o f  lIIC Ijrc)-

~ra(lr  atl(l wtrogradc  dillrtlal  tcrllls. ‘1’llc  rltls  o f  tllr
cwlitllatcs  for tllwe tidm it) tlic 2 cotlll)ollc[lt  Ivas ( ) . 3

IIIttI  for  tllc  (Iiurllal  tccttls atl(l ().2 111111  for tllc scttlidi-
i]rl)al  tcrtlls.  NT  OIIC of tllc a(lju>tcd  variations for tllrsc

tidm rxcwded  t ~vice t Iieir  rwI)rct  ivc ullccrtai]lty.

Oc(aII  Ioa(litlg  errols  arc :Ilso a I)ot(,tltiiil  cc]lltuilb

Iltor to CIIOIS ill tll(’  gcoccllt(r v a r i a t i o n s  sitlcc tllcy
C)ccllr  at tllc  S:illl(,  tl(lal  fl’(.  (lll(vlcl(w, IIow’m’(,  c, dll(’

to tllc :lVtlilgillg  of l) Ott’lltiilll  J’ ratldotll  ocean loadit]g
Crrclrs  at (’acll sit(’ 01’cr tli(’  large l,ag(’[)s t I’acklllg  ll(’i -
lVOlk, it lllil~ I’(’:ISOI):IIIIJ’  1)(’ tlS>lllll(’(1  that tll(’  S~St Clll  -
atic  e f f e c t s  would  l~r sll)all. ‘ lo dctcrillille  atl l]})l)cr
Imutld  otl tllc  efkct o f  occall  loa(lillg ccrors, lYc lIavc
}~crforille(l  our sollltiotl Ivitll find ~vitllout  tllc  (lltiw

I} I;I{S stattdard  ra(lial occa!l loa(litlg  JIIodcl,  al]d dif-
fcrvtlcd tll( rcsultilig g(mcrIIl(r  var iat ions.  ‘i’11(’  rtIIs



Collclusiolls

‘I’l Ie al)ility to Olwrvc’  t i d a l l y  col  Ifr(IIt  variatiorls

ill tllc ])ositioll  o f  tllc cetltcr  of Itlass o f  tllf l;aI(l I
willl rcsl)cct t o  tl]r tracliillg  si(c I)olyl)(droll  localml

01) tllc  sol id  l(;artll  at ljclo~v tllc Ii)illittlt’tcr  level nil S
l)CCJI  d(tnolls(ratrd usi]lg  s e v e r a l  years of IIigll  qlIal-

ity tracking  data  for tll(’ JJagcos satellil~.  ‘I’l Ic vari-
atiorls  c)l).srrv(d iritlt  Illa<t,  Collfi(l(’}l  (’c  ,g(’llrl:llly il,LJ7’(~C
IV(II Jvi(ll tllcw IJrdictd  l)y oc(atl t i d e  tIl(I(lcls.  ‘J’llc

rc(r~)gradc  (Iiurtlal variatiol)s  lIHVC  IJ(CII sllolvll  to I)(,
solll<~lvj)at J(WS  accurate tllatl tllc ])rogra(lc  t(~riils, I)(I1

1101 Ullol)sclval)le.
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cc IItcr \’ariatio]ls

Solut io]l l’1’[)jg’ad[’_. —.-  L_ —..

Ai[]p l’lla

o, SC])
ll\$’
,1/],

1,-1

1 ‘, Sell
I]\\’
rJ/],
1,-1

I i , Sell
lIJ$’
‘1’/1’
1,-1

N2 Sell
1 )11’
,]/},

1,-1
Af? S(’11

1 )\$’
‘[’/1’
1,-1

s’,- ~ Sell
1 I\$’
,)/],
1,-1

1.2 23
().9 7
1.0 21
1.2 24

0.6 11
0.6 9
0.6  355
().8 22

2.0 13
2.1 4
] () 353
2.!) 0
().7 323
0.3 12
0.2 5
().6 330
3.5 326
1.4 17
0.8 35.5
1.1 323
1.6 270
().7 320
0.2 315
0.5 :]~{)

.—
l{ct K)g,l’ad(’

AIIlp l’lla””

0.5 {) (j
1.6 36

0.6 80
2.0 35
0.2 7!)

0.4 56
0.3 75
0.6 24s

1.0 {):;

1.4 51

1.0 ~,

1.8 105

0.5 250

0.2 238

0.3 286

0.7 2(37
1.[; 314
1.5 3b5
1.4 300
1.8 326
0.4 4 g
~,{) 352
0.6 34:;

1.3 42

x

Ariil) I’tiii

2.4 2s2
1.1 ?.51
~,{) 278
3.3 278
1.3 286
1.4 ’287
1.5 2s4
2.2 p79

4.3 28:{
3.8 285
4.6 286
5.2 276
0.3 1()
0.8 ~~
0.5 2(j
0.4 35!)
1 .() 7:)
:{,{) 4{)

2.1 45
3.1 2!)
0.4 :, ~

1.3 130
(). 9 :) s
1.1 4{)

All tit[t[,lit{tdm  iII  lnillinlctcrsl  All ]IIIiis(~ ill dcgt[w


